Various analytical methods for the determination of organic residues in water were applied to samples from the Lagoa de Juturnaíba in the Região dos Lagos, east of Rio de Janeiro. The concentrations of more than 60 pesticides and of different aminopolycarboxylic acids were determined using GC/MS detection, and a GC/MS screening procedure was applied to detect additional compounds. None of the investigated pesticide residues could be detected in the lake water at detection limits of less than 100 ng/L. EDTA was detected at a concentration level of 2 µg/L in the lake and in drinking water prepared from this lake. Traces of biphenyl were identified by GC/MS in the lake water, the source of which may be its use in impregnating citrus fruit packaging. The drinking water produced from the lake by two different water treatment plants was investigated with respect to disinfection by-products (DBPs), such as chlorinated organic acids. The concentration of the investigated DBPs was as high as 180 µg/L in one sample. The AOX of this sample was 428 g/L.
Introduction
The results from organic trace analyses presented here were obtained within the framework of two related projects. The first one, a PROBRAL-project supported by CAPES/Brazil and DAAD/Germany studies the effect on the water quality of the varying water levels of the Lagoa de Juturnaíba, ~100 km east of Rio de Janeiro, and the varying influent and effluent ground water conditions, as well as the related variations in the algae populations. The second project which is supported by the Instituto Acqua, Rio de Janeiro, is aimed towards the estimation of the drinking water quality and quantity in the Região dos Lagos, in the same area east of Rio de Janeiro.
Sampling
In May 1995, water samples were taken from the Lagoa de Juturnaíba (Região dos Lagos, Brazil), at that time at a relatively low water level, and from two water treatment plants which use the lake water as the source for the preparation and distribution of drinking water. The treatment steps are aeration, flocculation, sand filtration, and disinfection by chlorination. A series of samples was drawn after each of the different treatment steps at plant 1, and tap water from plant 2 was sampled at Araruama, a small town about 40 km from the treatment plant. The samples were stored at 4 °C for two days and then sent to the German laboratory by air, so that sample preparation and the subsequent analysis could be started within three days after sampling.
Experimental
Various organic water pollutants, such as pesticides, aminopolycarboxylic acids and disinfection by-products from a large range of polarities (neutral to acidic) were investigated by different sample preparation and detection methods. Detection was performed by gas chromatography (GC) coupled to either mass spectrometry (MS) using a Hewlett Packard 5890 Series II GC instrument coupled to a Hewlett Packard 5971 MSD, by a Varian Star 3400 GC with an electron capture detector (ECD), or by a Hewlett Packard 5890 GC with a nitrogen phosphorous detector (NPD). In most cases, the applied methods had detection limits in the range of 30 to 100 ng/L. In addition, screening for unknown compounds by the GC/MS-full scan technique was performed. Sum parameters, such as dissolved organic carbon (DOC) and adsorbable organic halogen (AOX), were determined following DIN 38409 part 3 or part 14. The instruments used included a Maihak TOCOR 4 and a Euroglas ECS 1600, respectively. All samples were filtered through 0.45 µm glass fiber filters before further treatment. Quantification was performed using four-point calibration curves over the full useful range of the applied methods. All solvents were of Merck SupraSolv quality. The overall relative standard error of concentration determined by the gaschromatographic techniques was around 10 to 20%, and that of the DOC and AOX determinations was 10 to 15%.
Pesticides

Non-polar pesticides
The sample preparation for non-polar pesticides (NPP) was done by analyte enrichment from 1 L water samples into a mixture of 250 mg RP-C18 (Lichrolute RP-C18, Merck) and 100 mg EN (Lichrolute EN, Merck) at pH 7. After drying the solid phase (N2, 45 min), the analytes were eluted by 3 mL acetone. The extracts were concentrated to 1 mL by evaporation, and an internal standard (1 µg heptadecanoic nitrile) was spiked before detection by GC/MSselected ion monitoring (SIM) 1 .
Phenylurea herbicides
The phenylurea herbicides (PUHs) were concentrated and eluted under the same conditions as the NPPs. The extracts were dried by evaporation and derived with NaH/CH3I in dioxane to the respective N-methyl-phenylurea herbicides 2 . After liquid/liquid extraction from the reaction mixture and the addition of an internal standard (0.75 µg Fluazifop-butyl), a GC/MS-SIM determination was performed.
Chlorophenoxy herbicides
For the determination of chlorophenoxy herbicides (CPHs), a 1 L water sample was adjusted to pH 2 and concentrated on the above-described mixed solid phase (RP-C18/EN). After drying, the analytes were eluted with 3 mL methanol. The eluent was evaporated to dryness by a smooth nitrogen flux, and then derivation to the methyl ester was performed by adding 0.8 mL hexane and 0.2 mL of a ~5% diazomethane/diethyl ether solution (1 h, room temperature). Quantitative analysis by GC/MS-SIM was done after spiking the sample with 1 µg heptadecanoic nitrile as the internal standard.
Aminopolycarbonic acids
The aminopolycarboxylic acids NTA, EDTA and DTPA were concentrated from 100 mL samples (pH 4) on 1 g of a strong anion exchanger (SAX, Isolute). After drying the analytes were eluted with 3 x 1 mL acetic acid (16 M). After evaporation to dryness at 85 °C the aminopolycarboxylic acids were derived to the respective isopropyl esters with acetylchloride/isopropanol. After liquid/liquid extraction from the reaction mixture, the quantitative analysis was performed using a Hewlett Packard 5890 gas chromatograph equipped with a nitrogen/phosphorous detector 3 .
Disinfection by-products
The concentrations of neutral and acidic disinfection by-products (DBPs) were determined after sequential liquid/liquid extraction by GC/ECD as described in 4 . 100 mL of the water sample were extracted at pH 7 with 5 mL methyl-tert-butyl ether (MTBE). After decreasing the pH of the sample to 0.5, a second extraction with 5 mL MTBE was performed. The analytes in the extracts were derived to the respective methyl esters using diazomethane/diethyl ether at room temperature before GC/ECD analysis.
Screening for unknown compounds
The extracts from neutral and acidic solid/liquid and subsequent liquid/liquid-extractions of 1 L samples were concentrated under partial reflux 5 to a final volume of 20 µL. Thus the analytes were concentrated by up to 50000 times. These concentrates were then screened by a GC/MSfull scan.
Results
Pesticides
A powerful analytic instrumentation, GC/MS allows the simultaneous determination of a large number of organic compounds with similar polarity. The limit of detection (LOD) was 30-100 ng/L in most cases. Table 1 lists all of the investigated pesticides of the three studied groups.
None of these compounds in the water samples from the lake were detectable with concentrations above the detection limits shown in brackets in Table 1 . The samples taken from the different treatment stages at plant 1, as well as the tap water sample from plant 2 were also found to be free from residues of the investigated pesticides at this detection limit.
Aminopolycarbonic acids
NTA and EDTA were detectable in the lake water, NTA at 0.5 µg/L and EDTA at the 2 µg/L level, their origin in this region most probably being household soap-powders and detergents. The water treatment plants cannot eliminate EDTA, and thus EDTA was found at the same concentration in the tap water. This result is not surprising, since it has been shown that only adsorption on active carbon 6 or underground passage 7 can reduce concentrations of EDTA in the treatment of drinking water.
For comparison, concentrations of up to 27 µg/L of EDTA have been detected in German tap water 8 . EDTA is not very toxic (LD50 is 2.5 g/kg for rats 9 ), and remobilization of heavy metals only occurs at concentrations, above 100 µg/L 10 .
Disinfection by-products
In Fig. 1 , GC/ECD chromatograms of the detected neutral disinfection by-products are shown. It can be seen from chromatogram A that before chlorination only traces of DBPs could be seen with concentrations below or around the detection limits. After Cl2 treatment, high DBP peaks appeared (chromatogram B, Fig. 1 ), which could be identified by comparison with a chromatogram of a standard mixture (C in Fig. 1) .
The detected concentrations of neutral and acidic DBPs after chlorination are illustrated in Figs. 2 and 3 .
The highest concentration within the group of neutral DBPs was found for chloroform at 40 µg/L, and in the group of acidic DBPs trichloroacetic acid was found at Vol. 8, No. 5, 1997 Organic Residues in Lake and Drinking Water 511 (Table 2 ) and the strong disinfection method (Cl2-gas). The increase of AOX from 13 µg/L to 428 µg/L during water treatment also illustrates the high DBP formation potential ( Table 2) .
The reasons for the differences in the occurrence of DBPs and their concentrations in the two drinking waters were not investigated. Different disinfection conditions or differing water treatments, as well as the long distance of the sampling location from plant 2 (about 40 km) in comparison to that from plant 1 (some meters) may be responsible for these differences.
Screening for unknown compounds
Extracts from neutral and acidic enrichment procedures in the lake water samples were further concentrated under partial reflux and screened by GC/MS-full scan. The results for pesticide concentrations already indicated that the lake water may be relatively clean from anthropogenic organic residues. The results here further support this impression, since in the chromatograms of the neutral group only one peak could be detected, which was identified by its mass spectrum to be biphenyl. Biphenyl is used to impregnate citrus fruit packaging to prevent the growth of fungi on the . Because of the extensive citrus fruit cultivation in the region around the Lagoa de Juturnaíba, it can be assumed that the use of biphenyl in connection with agricultural products is the reason for the occurrence of biphenyl in the lake water. The concentration of this compound in the lake water was not determined quantitatively, but is estimated to be in the ng/L-range. In the tap water sample biphenyl could not be detected.
Discussion
A quantitative screening procedure which could determine a large number of compounds with different polarities was used to demonstrate that no large amounts of anthropogenic residues are present in the water of the lagoa de Juturnaíba. To be specific, the lake water is free from more than 60 pesticides at the 100 ng/L level, which means that this lake is relatively clean. Regrettably, the good raw water quality is decreased by disinfection during the drinking water preparation. The level of DBPs was detected to be much higher than German limitations for drinking water permit (10 µg/L THM), but is lower than the Brazilian limit (100 µg/L THM). In order to make full use of the very good primary water quality, changes in water treatment techniques should be applied 14 , such as decreasing the DOC before chlorination or changing the disinfection method (e.g. application of OCl2). 
